Abstract: Cultivated and wild Allium species were investigated in order to compare the antioxidant capacity of their leaves and bulbs. Leaf and bulb anti-oxidative enzymes and scavenger activities, along with quantities of non-enzymic antioxidants, malonyl-dialdehyde and OH radicals were determined. Results obtained suggest that leaves possess higher anti-oxidant and scavenging activities than bulbs in the majority of cultivated and wild Allium species examined. Cultivation of some wild species such as A. flavum L., A. schoenoprasum L. and A. ursinum L. could be conducted in the future in order to produce Allium species with high antioxidant capacity in leaves and bulbs.
Introduction
Throughout recorded history Allium species, especially garlic and onion, have played rich and diverse commercial, culinary, and mystic roles. In ancient Egyptian and Middle Eastern cultures garlic was even used as a currency with 15 pounds of garlic used to purchase a healthy slave around 2,500 BC. The culinary delights of garlic over manna were extolled by followers of Moses in the Old Testament. In the present time, the interest in research of other Allium species is also observed [1] . Today, garlic and onion are used for their flavor, aroma and taste, being prepared domestically or forming basic material for a variety of food manufacturing processes. Onions were amoung the earliest vegetables to be processed, canned, dried and frozen [2] .
Many epidemiological studies have suggested that certain natural foods could prevent the development of different diseases and garlic and onion are examples of such natural foods [1] . They have been shown to possess a variety of pharmacological effects including tumor cell growth inhibition and chemopreventive activity [3] . Much of the data regarding human use came from reports of lowered rates and risks of disease (such as cancer) in people with relatively high levels of garlic or other Allium species consumption. People also use garlic and onion to help with several different types of disorders, including high cholesterol, high blood pressure, excess blood clotting and coagulation, atherosclerosis, inflammation, bacterial and fungal infections [3] .
Garlic is also a functional food product composed of numerous macronutrients, vitamins [2] , organosulfur active compounds, proteins [4] , lipids, trace elements as selenium [5] , flavors [6] , enzymes [7] and different antioxidants [8] .
Our previous study concerning the antioxidant activity of different Allium species [9] [10] [11] showed that they posses antioxidant activity in all organs, especially in leaves. However, it is well known that bulbs, not leaves, are mainly used in the human diet, in food and pharmaceutical industries for producing different healthy products. Therefore the aim of this study was to compare Allium leaf and bulb antioxidant capacity and explore possible differences in order to pinpoint the plant organ that could be used most effectively in food and pharmaceutical industries. 
Experimental Procedures

Plant material
Methods
One gram of fresh plant material was ground with quartz sand in a cold mortar. The ground material was suspended in 5 mL 1 mol/L K 2 HPO 4 at pH 7.0. After ten minutes centrifugation at 4 o C and 15,000 g, the aliquots of the supernatant were used for superoxide dismutase (SOD) activity measurements. 20 µL of Tsuchiachi solution (chloroform/ethanol 3/5) was added to the supernatant prior to measurement of the enzyme activity. The SOD activity was determined in aliquots by the method of Misra and Fridovics [12] based on the inhibition of transformation of adrenaline to adrenochrome at pH 10.2 [13] . One unit of SOD activity (U) was defined as the amount of enzyme required to cause 50% inhibition of the reaction of adrenaline transformation rate and the results expressed as U mg -1 protein.
Carotenoids were extracted with acetone and determined spectrophotometrically using molar extinction coefficients according to Wettstein [14] . The amount of free thiols (GSH) was determined with Ellman reagent at 412 nm [15] . Reaction of GSH and 2-nitro-5-thiobenzoic acid (DTNB) was performed in 3 mL of reaction mixture containing 200 µL of supernatant, 0.8 mL of 0.2 M phosphate buffer (pH 8.0) and 2 mL of 0.6 mM DTNB (Ellman′s reagent) and incubated for ten min at room temperature. The absorbance of the sample was read against the blank at 412 nm. GSH quantity is expressed as μmol of thiols/g fresh weight.
Lipid peroxidation (LP) was determined by the thiobarbituric acid (TBA) method [16] . To 300 μl aliquot of the supernatant was added 1 mL 20% TCA containing 0.5% TBA. The mixture was heated at 95°C for 30 min and then quickly cooled in an ice-bath. The absorbance at 532 nm was read spectrophotometrically. MDA quantity is expressed as nmol of MDA/g fresh weight.
Hydroxyl radical was determinated by the inhibition of deoxyribose degradation [17] . Hydroxyl radical scavengers can compete with deoxyribose for hydroxyl radicals produced in the system (containing Fe 2+ and H 2 O 2 ) leading to a decreased yield of thiobarbituric acid chromogen. Hydroxyl radical quantity is expressed as nmol of . OH /g fresh weight.
All measurements were made in triplicate. The values are expressed as mean ± standard error.
The influence of the phosphate buffer (pH 7) Allium extract on hydroxyl radical (HO • ) formation was studied by electron spin resonance (ESR) using a spin trapping method [18] . The scavenging activity of the extract was estimated by the percentage decrease of the relative intensity of the signal of DMPO-OH radical adduct with reference to the control without extract. All the experiments were repeated three times.
Results and Discussion
In [19] .
Quantity of free thiols in leaves ranged from 0.438 µmol/mg protein (A. sativum) to 1.384 µmol/mg (A. schenoprasum) and in bulbs from 0.335 µmol/mg in A. cepa to 0.501 µmol/mg in A. schenoprasum. The quantities of free thiols, mainly, were higher in leaves and lower in bulbs of examined Allium species what indicated high antioxidant capacity of leaves and is also beneficial for lipid peroxide balance in tissue [20] .
Carotenoids content was detected in leaves of all investigated Allium species, but there is no evidence of its presence in bulbs. The highest carotenoid content (3.99 mg/g) was observed in the leaves of A. ursinum and the lowest in A. scorodoprasum, 0.25 mg/g. It is well known that carotenoids, with the exception of flavonoids and other polyphenol compounds, scavenge lipid peroxyl radicals, resulting in the formation of a relatively stable antioxidant radical which reacts slowly with the substrate (LOOH) and so reduces LP [9] .
The accumulation of . OH radicals and MDA, the most toxic species and main products of lipid membrane peroxidation, is presented in Table 2 According to our results, MDA accumulation could be correlated with the high quantity of toxic HO
• which is the result of membrane destruction. The leaves exibited the lowest lipid peroxidation due to the accumulation of relatively low HO
• quantities [21] and also the presence of carotenoids. The .
OH radical scavenging capacity of Allium leaves and bulbs is presented in Table 3 . All investigated Allium species exibited scavenging ability. Leaves exhibited higher scavenging activity than bulbs in all investigated Allium species. ESR data demonstrate that phosphate buffer extracts possess similar HO
• scavenging activities which is crucial as hydroxyl radicals are the major active oxygen species causing lipid oxidation and enormous biological damage [8] .
The highest scavenger activity was observed in leaves of wild A. flavum extract (94.3%). Other results concerning A. flavum support this assessment because quantities of . OH and MDA were low (Table 2) . Scavenging activity of A. sativum leaf extract was also high (90.36%) which is in agreement with results from a number of previous studies [22] [23] [24] that investigated garlic and onion antioxidant and pharmacological activities. Scavenging activity in bulbs of investigated Allium was also high but lower than that in leaves. Highest was observed in bulbs of A. flavum, 85.70%.
Conclusion
Results from this study indicate that leaves accumulate lower quantities of . OH in the majority of investigated Allium species and therefore show a lower accumulation of MDA in all investigated species. This appears to be due to higher quantities of free thiols and presence of carotenoids. Superior antioxidant capacity of leaves, also was supported with results concerning scavenging activity in this organ. Therefore we suggest that leaves of Allium species should be included in production of non-toxic natural antioxidants and different products with high antioxidant capacity. Cultivation of some wild species such as A. flavum, A. schoenoprasum and A. ursinum could be investigated in the future in order to produce Allium species with high antioxidant abilities in leaves and bulbs. Table 3 . Scavenging activity in leaves and bulbs of different Allium species measured by ESR and expressed by % of the control.
* The highest values are marked bold
